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m The study investigated the anti-inflammatory effects of propolis components on Raw264.7
macrophage cells. There were nine representative propolis components selected such as
pinocembrin, quercetin, chrysin, naringin, gallic acid, p-coumaric acid, cinnamic acid, caffeic
acid and CAPE. The cell cytotoxicity evaluation of diluted propolis components was determined
by EZ-cytox cell viability assay. The anti-inflammation factors of propolis components were
determined by confirming NO levels. All propolis components were able to decrease the
generation of NO by LPS stimulation as inflammation inducer. However, quercetin, chrysin and
CAPE components were significantly decreased the generation of NO and have synergistic
effects for inflammation response. The expression of iINOS as inflammatory protein, IL-18 as
representative cytokine and NF-kB as immune signaling molecule was evaluated using Western
blotting. Quercetin, chrysin and CAPE involving inflammation response reduction play different
role protein in expression in the cells. The results showed that propolis components have anti-
inflammatory effects on Raw264.7 and each component may be related to immune-regulation.
Thus, each propolis component may be used as a source of health-functional food materials for

anti-inflammation response.

Propolis, Inflammation, Raw264.7, Quercetin, Chrysin, CAPE

INTRODUCTION

The inflammatory response is one of the body’s
defense mechanisms against external stimuli as it is
caused by bacteria and viruses penetrating into the
body (Willoughby, 1975; Ismaki and Punnonen, 1997).
As the core of the defense mechanism are various
immune cells existing in the body. Proliferation and
differentiation of immune cells by stimulation play a
pivotal role in the defense system. Immune cells of hu-
man body are divided into three groups such as T lym-
phocytes, B lymphocytes and macrophages. Among
these, macrophages are distributed in tissues and they
are responsible for detecting and expelling aging cells
outwards in normal conditions (Zhang et al., 2007,
Hamsa and Kuttan, 2011). However, in response to the
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influx of inflammatory agents from the outside, mac-
rophages allow the overexpression of inflammation
mediators resulting to carcinogenesis of the cells to oc-
cur (McDaniel et al., 1996; Nishida et al., 2007; Cheon
et al., 2009). When an inflammatory response occurs,
the expression and secretion of various cytokine mol-
ecules are activated in macrophages, and promotes the
release of the inflammatory mediators such as nitric
oxide (NO) or prostaglandin E2 (PGE2) (Nathan, 1992;
Lee et al., 2004; Kim et al., 2009). These molecules
generate inflammatory reactions accompanied by
pain, heat and immune cells that were activated for
responses (lalenti et al., 1992). Among the inflamma-
tory mediators, NO is generated from L-arginine by an
inducible NO synthase (iNOS) when a macrophage is
activated as a highly reactive substance. The generat-
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ed NO may act as a toxin to bacteria and cancer cells
penetrating into the body, but overexpressed NO may
cause inflammation, tissue damage, and genetic muta-
tion (Geller et al., 1993; Sunyer et al., 1996; Bogdan,
2001). In the induction of inflammatory reactions, ex-
ternal toxins such as smoking causes cell stress (Ryu et
al., 2003). The inflammatory response acts as a result
of an increase oxidative stress and intake of antioxi-
dant is known to reduce oxidative stress (Uttara ef al.,
2009).

Propolis is a resinous material that honey bee pro-
duce by mixing saliva and beeswax with exudate
gathered from a variety of trees and plants to build
and protect their hive (Burdock, 1998). Although prop-
olis contains many components such as flavonoids,
caffeic acid and beeswax, it has already been used by
early civilization to cure wounds since around 300
B.C. Propolis contains various physiologically active
substances that has been studied for its antimicrobials
(Sforcin, 2000; Schnitzler et al., 2010), antioxidants
(Jeong, 2004), anti-inflammatory (Khayyal et al.,
1993; Ledon et al., 1997) and anti-tumor activities
(Bazo et al., 2002; Orsolic et al., 2005; Kunimasa et
al., 2010). Although the effects of propolis have been
reported in various reactions, the associated molecular
mechanism is still not sufficient. In particular, only the
research of antimicrobial and antioxidant activities of
propolis has been reported. These activities are func-
tions of many flavonoids and phenyl compounds con-
stituting propolis. However, the specific mechanism of
each component of propolis in the immune-regulatory
response has not been reported. In this study, nine rep-
resentative components of propolis were selected, and
then confirmed for cytotoxicity of mouse macrophage
Raw264.7. Based on the cytotoxicity concentration of
propolis components in Raw264.7 cells, inflammation
response by lipopolysaccharide (LPS) was activated.
To investigate the function of propolis components,
the generation of NO inhibition was determined by
the expression of protein related to iNOS and interleu-
kin-14 (IL-1p) for inflammation regulation protein and
representative cytokine, respectively. As a result, prop-
olis may be suggested as the health-functional food for
immunomodulation.
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MATERIALS AND METHODS

1. Reagents

A flavonoid component and a phenyl compound are
selected as nine propolis components were used in the
experiment. The selected components are the most
closely related components to the propolis functions.
Nine selected components were as follows: Pinocem-
brin, quercetin, chrysin, naringin, gallic acid, p-cou-
maric acid, cinnamic acid, caffeic acid and caffeic acid
penethyl ester (CAPE). The nine propolis components
were purchased from Sigma Aldrich (U.S.A.).

2. Cell culture

The raw264.7 mouse macrophages were purchased
from the Korea Cell Line Bank (KCLB) and maintained
with high glucose Dulbecco’s modified eagle’s medium
(DMEM) containing 10% fetal bovine serum (FBS)
and 100 units/mL penicillin-streptomycin as antibiotics.
DMEM, FBS and penicillin-streptomycin solution for
subculture of Raw264.7 macrophages were purchased
from Gibco (U.S.A.). FBS was used after inactivation in
56°C for 50 min. Subculture of the cells are aided with
the use of cell scraper without a trypsin cell detachment
solution and maintained in an incubator set at 37°C and
5% COx.

3. Cytotoxicity of Raw264.7 for propolis
components

To investigate how each propolis components affect
the cell survival, cytotoxicity assay was carried out.
Cytotoxicity assay used were EZ-Cytox MTT assay
kit was purchased from Dainbio (Korea). Raw264.7
macrophage was inoculated into 96-well plate on
2x10* cells/well and incubated for 24 hr. Components
of propolis were dissolved to absolute EtOH at 1 ug/
pL. Each propolis component was filtered by 0.2 um
syringe filter for treatment. Raw264.7 macrophage
was treated with each propolis component on dose-de-
pendent (1, 2.5, 5, 10, 20, 25 and 50 pg/mL) exposure
for 24 hr. As a control in this experiment, we compared
only media treated cells. As a solvent control, only
EtOH treatment was compared. After 24 hr exposure,
EZ-Cytox solution was added to media at 1/10 volume
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and the cell was incubated for another 2 hr. The optical
density of the media was measured at a wavelength of
450 nm.

4. Measurement of NO production

Raw264.7 macrophage inoculated into 24-well plate
was 2% 10° cells / well incubated for 24 hr. LPS used
as positive reagent for inflammation reaction was pur-
chased from Sigma Aldrich. The components of prop-
olis were treated into the cells was 25 ug/mL for 24 hr
except CAPE. Treated CAPE concentration is at 1 pg/
mL. To compare the NO production, only the media
treated cells and EtOH treated cells was considered as
a negative control. LPS was treated into the cells at 1
pg/mL was made as the positive control. Cell superna-
tants were subjected to centrifugation at 3,000 rpm for
10 min after 24 hr. The supernatants without cell de-
bris were collected to be used for NO assay. Generated
NO was measured with NO assay reagents kit supplied
by iNtRON (Korea). NO assay was carried out follow-
ing the manufacture’s protocol. The optical density of
produced NO was determined at a wavelength of 560
nm.

5. Measurement of produced NO by component
of propolis in inflammation progression

To investigate the effect of propolis components in
LPS-mediated inflammation progression three groups
of experimental set up for NO generation was used.
First, pre-incubation of LPS for 24 hr on Raw264.7
cells and then added with the components of propolis
for 24 hr. Second, pre-incubation of the components of
propolis for 24 hr on Raw264.7 cells and then added
with LPS for 24 hr. Lastly, LPS and the components
of propolis simultaneously treated on Raw264.7 cells
for 48 hr. The experiment procedure was progressed
in the same protocol as described above. However,
three propolis components such as quercetin, chrysin
and CAPE were selected based on the result of the NO
assay. Treated LPS concentration was 1 ug/mL, and
quercetin and chrysin were treated on three dose-de-
pendent levels (1, 5 and 25 pg/mL). The CAPE con-
centration used was 0.01,0.1 and 1 pg/mL.

6. Western blot

The proteins for Western blotting were extracted
from Raw264.7 cells. Cells were washed twice with
1 X phosphate-buffered saline (PBS) and lysed with
200 pL of nonidet P (NP)-40 lysis buffer (Dainbio).
The lysate supernatants were cleared by centrifuga-
tion for 15 min at 13,000 rpm. The concentrations of
cleared lysates were determined by bicinchronic acid
(BCA) assay. Cell lysated at 20 ug were used in West-
ern blotting. The lysates were added with 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to a polyvinylidene flu-
oride (PVDF) membrane. Non-specific binding was
blocked by incubation of membranes in 2% skim milk
at 1X Tris-buffered Tween 20 (1 x TBST) for 1 hr at
room temperature. The membranes were probed with
primary antibodies such as anti-iNOS, anti-IL-1/, anti-
NF-xB and anti-GAPDH antibodies. iNOS and IL-1/3
antibody were purchased from Cell Signaling (U.S.A.)
and nuclear factor kappa-light-chain-enhancer of acti-
vated B cells (NF-«kB) and glyceraldehyde 3-phosphate
dehydrogtenase (GAPDH) antibody were purchased
from Santacruz biotechnology (U.S.A.). Except for
anti-GAPDH, all antibodies were incubated for 16 hr.
Anti-GAPDH were incubated for only 2 hr. Protein
expression were detected by incubation with second-
ary horseradish peroxide (HRP)-conjugated anti-goat
antibody and was visualized with an enhanced chemi-
luminescence (ECL) pico detection system.

7. Statistical analysis

The statistical significance of the results obtained
from the experiment was used by the R (3.4.1 version,
NewZealnd) statistics program, and the mean signifi-
cance of the experiment was verified by the ANOVA
test at p<0.05.

RESULTS AND DISCUSSION

1. Propolis components influenced Raw264.7
cell viability

To investigate the cell viability of propolis compo-
nents, nine propolis components were treated as de-
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Fig. 1. Propolis components influencing cell viability. Raw264.7 macrophage cells placed in to 96-well plates on a 2 X 10* cells/well. After
24 hr, each propolis component was treated into the cells at dose-dependent. Cell viability was measured by EZ-Cytox MTT assay after 24

hr incubation.

scribed previously to Raw264.7 macrophage. The cells
were incubated with each propolis component at differ-
ent dose-dependent levels (0, 1, 2.5, 5, 10, 20, 50 and
100 pg/mL) for 24 hr. The components: naringin, p-cou-
maric acid, cinnamic acid and caffeic acid have not af-
fected cell viability. In this result, four propolis compo-
nents did not show cytotoxicity. However, pinocembrin,
quercetin, chrysin and gallic acid decreased the cell
viability in dosage of more than 50 pg/mL. As shown
in Fig. 1, CAPE showed the most potent cytotoxicity
effect of more than 2.5 pg/mL dosage. The component
can be grouped into compounds that have cytotoxicity
and no cytotoxicity effects. Based on the results, the
concentration of propolis components for immune-reg-
ulation can be determined. The concentration of another
component for immune-regulation was set up at 25 pug/
mL maximum except CAPE which was determined at 1
pg/mL.
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2. Quercetin, chrysin and CAPE play essential
role in reduction of generated NO by
inflammation reaction

NO molecule as representative marker in inflamma-
tion mediator is produced from L-arginine by nitric
oxide synthase (NOS). L-arginine is converted to L-ci-
trulline and NO, and iNOS are known as key molecule
in this process. When cells are stimulated by external
factor such as inflammation factor, bacteria and virus,
it was expressed as iNOS. Generated NO molecule
through this reaction were severely promoting inflam-
mation responses such as cytotoxicity and tissue injury.
To confirm the propolis components related to NO pro-
duction, LPS was treated as inflammation inducing fac-
tor and each propolis component was prepared at 1 pg/
mL for 24 hr. As a control, LPS treatment group was not
only set up but also each propolis component treatment
group. EtOH treatment group is a solvent control for
propolis diluent.
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Fig. 2. Propolis component, quercetin, chrysin and CAPE inhibit
NO generation. Raw264.7 macrophage cells placed into 24-well
plates on a 2 X 10° cells/well. All propolis components treatments
was at 25 pg/mL except CAPE (M: Media, E: EtOH, L: LPS, P:
Pinocembrin, Q: Quercetin, C: Chrysin, N: Naringin, Ga: Gallic
acid, Co: p-coumaric acid, Ci: Cinnamic acid, Ca: Caffeic acid,
CP: CAPE) (A). Three components of propolis as quercetin, chry-
sin and CAPE was measured generated NO on dose-dependent (B).
The supernatants were cleared with centrifugation at 3,000 rpm
for 10 min. Generated NO was measured following manufacture’s
protocol (Quer: Quercetin, Chry: Chrysin).

As shown in Fig. 2A, inflammation response signifi-
cantly increased in LPS-treated group, but not in propo-
lis component-treated group. However, LPS and propo-
lis components-treated group has different NO genera-
tion. Although all propolis components have decreased
NO production, the component such as quercetin,
chrysin and CAPE has significantly reduced NO pro-
duction by more than half. The results indicate that the
specific component of propolis has directly participated
in NO reduction. It has been confirmed that inhibition
of three components specially quercetin, chrysin and
CAPE, whether the dose-dependent have been the most
effective in NO reduction. Among the most effective
concentrations for quercetin and chyrsin are 1, 5 and
25 pg/mL, and for CAPE is 0.01, 0.1 and 1 pg/mL. As
shown in Fig. 2B, three components of propolis reduced
the generated NO by LPS depending on dose-dependent
levels. The results indicate that three components of
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Fig. 3. The synergistic effects on generated NO inhibition.
Raw264.7 macrophage cells placed into 24-well plates on a 2 X
10° cells/well. The treatment of quercetin and chrysin were 25 pg/
mL, and CAPE treatment was 1 pg/mL. LPS and each component
combined mixture were incubated for 24 hr, and generated NO
was measured with NO assay kit (Quer: Quercetin, Chry: Chry-
sin).

propolis play essential role in reducing NO generation
by inflammation response.

3. Synergistic effects of propolis components

The synergistic effects of quercetin, chrysin and
CAPE in generated NO reduction by LPS-mediated
inflammation response was investigated. The concen-
tration of each propolis component was determined at
1 pg/mL and combined the components as follows. (1)
Quercetin and chrysin; (2) Quercetin and CAPE; (3)
Chrysin and CAPE; (4) Quercetin, chrysin and CAPE
combination. Media and EtOH treatment is the control
group for LPS and propolis components. LPS-treated
group is a positive control for inflammation response.

As shown in Fig. 3, generated NO reduction is better
in the combined components than single component
treatment only. Especially, when quercetin and chrysin
are combined reduced NO generation is about 50%
compared with each quercetin and chrysin only. CAPE
has shown the most reduction of generated NO. The
results mean that CAPE plays essential role in reduction
of NO production related to inflammation, while the
combination of quercetin and chrysin provides synergis-
tic effects on inflammation reduction.

4. The effects of propolis components in
prevention of inflammation

For inflammation prevention, three experimental
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Fig. 4. Propolis components prevention effects on inflammation re-
sponse. Raw264.7 cells were placed into a 24-well plate on a 2 X 10°
cells/well. The quercetin and chrysin treatments were set at 25 pg/
mL while CAPE treatment was at 1 pg/mL for 24 hr. The treatment
of LPS was 1 pg/mL for 24 hr (Quer: Quercetin, Chry: Chrysin) (A).
Each propolis component mixture and LPS were treated for 24 hr.
Each reagent concentration is same with previously conducted ex-
periment (Q: Quercetin, C: Chrysin; CP: CAPE) (B).

groups are determined whether each propolis compo-
nent exhibits therapeutic or prevention effects. The first
group is induced inflammation response by LPS treat-
ment for 24 hr, and was treated with the components
of propolis. The second group has pre-treated propolis
components for 24 hr, and was LPS-treated for 24 hr.
The final group, propolis components and LPS were
simultaneously used as treatment. The generated NO
was measured on each experimental group. The media
only was used as the negative control, EtOH treatment
as the solvent control and LPS treatment group as the
positive control. Propolis components that were selected
are quercetin, chrysin and CAPE which had the most ef-
fect on the inhibition of NO production. All components
concentration is set at 1 ug/mL.

As shown in Fig. 4A, when the component of prop-
olis is pre-treated and LPS is treated, generated NO
was decreased. However, when LPS is pre-treated then
propolis component is treated, generated NO did not
decrease. In simultaneously treatment group, CAPE has
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Fig. 5. Propolis components influenced protein expression level in
the cells. All lysates were used at 20 pug for Western blotting. Each
antibody diluted at 1: 1,000 in 2% skim milk incubated overnight
except for GAPDH. GAPDH was made to be housekeeping con-
trol for Western blotting and its dilution is 1 : 5,000 (Qu: Querce-
tin, Ch: Chrysin, CP: CAPE).

shown the most reduction of NO. Quercetin and chrysin
have the same results as the previously held experiment.
In other words, three components are related in terms
of inflammation response reduction, with CAPE as the
most efficacy on inflammation. Three components of
propolis have the better effect when they are pre-treated
to cells. Therefore, all three components are expected to
have more prevention effects than therapeutic effects on
inflammation.

Although three components of propolis showed NO
reduction, confirmation of synergistic effects between
three components were determined. As shown in Fig.
4B, the combination of the components showed more
NO reduction effects than single component treat-
ment. The results suggest that three components which
showed NO reduction improved its effect by combina-
tion. Therefore, propolis is effective in inflammation
prevention, especially quercetin, chrysin and CAPE in
relation to NO reduction.
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5. Propolis components regulated
inflammation-related protein expressionin
Raw264.7

In relation to NO inhibition caused by each compo-
nent of propolis we carried out Western blotting whether
each component regulate expression of protein in the
cells. The regulation of expression of protein cell was
determined using iNOS which involved NO production
process, IL-1 which representative cytokine and NF-
kB expression in inflammation signaling cascade.

As shown in Fig. 5A, the single treatment of quer-
cetin, chrysin and CAPE did not have related protein
expression in the cells. The protein expression level,
however, was present when LPS and propolis compo-
nents was treated into the cells as shown in Fig. 5B.
LPS-mediated iNOS protein level was decreased by
crude propolis treatment. Quercetin directly regulated
iNOS expression. On the other hand, chrysin and CAPE
did not affect to iNOS expression. In the combined
components, iNOS expression decreased when querce-
tin was combined, while chrysin and CAPE mixing did
not show inhibition of iNOS expression.

In the NF-kB protein expression, which is important
in cell immune signaling, CAPE treatment group has the
lowest expression level. The component quercetin and
chrysin have shown similar protein expression. For IL-
15 which is known representative marker in inflamma-
tion response has shown the most reduction of protein
expression in quercetin treatment group. The chrysin
treatment group also showed reduced protein expres-
sion. CAPE, on the other hand, does not reduce the IL-
13 protein expression level. The results of the combined
components showed an inhibition in IL-153 expression
only when quercetin was mixed, but chrysin and CAPE
had no significant effect on IL-1 expression. GAPDH
is a loading control in this protein expression experi-
ment.

CONCLUSION

Propolis has been known to have an excellent effect
as antioxidant and antibiotics. However, the study of
propolis on immunomodulation is still not sufficient.
The anti-inflammation effects of crude propolis and its

protein expression regulation mechanism on LPS-me-
diated inflammation response was identified (Kim et
al., 2018). Therefore, the molecular mechanisms for
immune response by components of propolis are nec-
essary to be studied.

Propolis has different activity and function following
region and climate. Propolis functions depending on
the composition of functional materials such as flavo-
noids and phenol compounds which has antioxidant,
antibiotics and anticancer activity. Based on these facts,
this study clarified the function of propolis compounds
against inflammation response and its molecular mech-
anism. We selected nine representative propolis com-
pounds and confirmed that quercetin, chrysin and CAPE
are effective on LPS-mediated inflammation response.
Among the three propolis components, CAPE played a
direct role in NO reduction. In addition, mixing of prop-
olis components has synergistic effect in relation to in-
flammation response. However, these three components
have different roles in molecular regulation. All three
components influence inhibition of NF-kB expression
which serves as immune regulation factor. Although
CAPE has the most inhibition effect of NO production,
quercetin has directly inhibits iNOS expression. IL-13
expression was influenced by quercetin. These results
mean that propolis was composed many components,
and appears that it has a completely different function in
immunomodulation. This study has shown not only the
effect of inflammation inhibition but also provided im-
portant clues how each propolis component functions.
Immune regulation as another component function must
be clarified after this study. Based on this study, the
developing health-functional foods containing propolis
with specific effects can be suggested.
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